To examine the possibility that a similar phenomenon might occur in other organisms, chemostat cultures of Escherichia coli WP2s (trp uvr) were exposed to a low dose (1.6 J m-2) of UV (254 nm), and cells were examined for conjoint mutation to azide resistance (Azr) and to bacteriophage T5 resistance (T5r). Culture samples (0.01 to 0.2 ml, approximately 2 x 106 to 4 x 107 cells) were impinged upon Millipore membrane filters (45-mm diameter, 0.45-nm pore diameter), incubated at 370C for 3 h on Difco brain heart infusion agar to permit expression of mutant phenotypes, and then transferred to Difco nutrient agar plates. Azide resistance was assayed on nutrient agar, to which azide was added at a concentration of 1 mM. For the determination of bacteriophage resistance, filters were sprayed with bacteriophage T5 (-109) immediately after transfer. Double mutants were assayed by spraying filters which were transferred to azide plates. Total and T5Y colonies were counted after incubation for 1 day, and Az' colonies were counted after incubation for 2 days. Most of the double-mutant colonies grew very slowly, requiring 5 to 7 days of incubation for reproducible counts.
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Observed mutant frequencies in chemostat cultures increased abruptly after exposure to UV (Fig. 1) ; both single-and double-mutant frequencies increased approximately 10-fold. There was no evidence for a subsequent decrease in the frequency of T5' cells, a result which is consistent with earlier findings that these mutants are not under selection (4, 6). Az' mutants were under negative selection, decreasing by approximately 40% per day or 8% per generation. Selection against double-mutant cells did not differ significantly from that against Azr cells, as would be expected if selection pressure was determined by azide resistance alone.
Comparison of the magnitudes of single-and double-mutant frequencies shows that double mutants were induced at frequencies very much greater than would be expected if the mutations were induced independently. For example, at the peak value shown in Fig. 1 , the induced azide mutant frequency was about 1.1 x 10-4 per cell (as corrected for the pre-irradiation frequency), whereas the corresponding frequency for T5 resistance was about 1.9 x 10-5 per cell. If the two mutations had occurred independently, the probability of observing double mutants would be the product of those frequencies, 2.1 x 10-9 per cell. However, the observed frequency of induced double mutants at this time was much higher, about 2.1 x 10-per cell (Fig. 1) Similar widely spaced double mutations for azide resistance and other genetic markers were reported earlier for nitrosoguanidine-induced mutations in E. coli (3), but these were not observed with UV as the mutagen (2). In Salmonella typhimurium, simultaneous selection for gal and chlA genes also led to mutations with map distances of about 1 min, but these mutations were almost entirely long deletions (1).
The Azr T5' double mutations reported here could not have been due primarily to deletions of both genes as reversion to azide and to bacteriophage sensitivity occurs independently. In one of several experiments, 30 double mutants were selected, and each was subcultured in nutrient broth and plated for individual colonies on nutrient agar. Further subcultures were made from one of these colonies for each of the mutant strains, through five serial subcultures. At the first subculture, 27 clones had reverted to azide sensitivity, but all remained T5 resistant. By the fifth subculture, 28 clones had reverted to azide sensitivity, and six also had reverted to T5 sensitivity. None of these reverted at both loci in the same subculture. These results show that the double mutations cannot be accounted for by mutation of some common regulatory gene. Rather, both genes were mutated, and the double mutations were not deletions.
The observed linkage between the corresponding genetic markers, azi and tonA (T5) 
